Introduction
T he analysis of growth and health patterns among children of immigrants is particularly important because of the rapid increase of the immigrant population in Europe. Socio-economic and immigrant status and ethnicity are the most important factors of health stratification. 1 Data on health and socio-economic inequalities are available for adults of various ethnic groups, especially in the USA, while studies on children of immigrants in Europe are scarce.
The overall pattern of growth is common to all human populations, although the final dimensions and the timing of puberty can vary among ethnic groups due to interactions between heredity and environment. The socio-economic status (SES) of the family influences the physical and psychological growth and development of a child, with children from lower social classes being smaller and maturing less precociously than children from higher classes. Malnutrition delays growth and the onset of the adolescent spurt, as described in studies on the effects of war-related famine. 2 Likewise the effects of major diseases can retard growth. 2 Because growth and health are closely linked in children, monitoring growth and development is essential for disease prevention and control. Although infant measurements at birth depend mainly on maternal factors (the uterine environment), the influence of genes becomes increasingly marked: in general, the better the environment, the more the action of the genes becomes manifest. Adverse influences on growth result in specific environmental conditions, such as the increased probability of precocious sexual maturation described in Europe for adopted children from various developing countries. 3 Migration is a critical situation for childhood growth and health. In Europe, immigrant families generally come from developing countries. They face various difficulties in adapting to the new society in terms of both the occupational and cultural lifestyle. Generally, they are in the low socio-economic segments of the society of the host country and thus are at risk of malnutrition and physically debilitating living conditions. However, children born after the migration and living in urban areas have much better survival chances than children of rural non-migrants. 4 Despite the complex interactions between endogenous and exogenous factors, the purpose of this review was to describe trends in growth, health and psychosocial adaptation among children of immigrants in Europe in comparison to natives of the host country.
Methods
We examined the literature on the growth and development of immigrant children in Europe by means of a systematic search of electronic databases starting from 2000 using the following key word combinations to identify studies on the topic: Reference lists of all the papers identified were examined to find other non-indexed studies. Only data for healthy subjects under 18 years of age were considered. Some of the studies used in this review to describe the characteristics of immigrant children were conducted with different purposes, for example, to assess the incidence of overweight in the population.
The table reports the data on the place and year of the study (where possible), study population, age range, sex, sample size, fundamental anthropometric traits, body mass index (BMI), circumferences and adiposity indices, age at menarche and notes.
Results

Growth of immigrant children in Europe
An overview of the main growth characteristics of immigrant children in Europe is given in table 1 based on 17 studies carried out in 11 countries in Northern Europe (Ireland: 1 study; UK: 3 studies; Denmark: 1 study; Norway: 1 study), in Central Europe (The Netherlands: 3 studies; Germany: 1 study; Austria: 1 study; Switzerland: 1 study) and Southern Europe (Spain: 1 study; Italy: 2 studies; Greece: 2 studies). All but three of the studies had a crosssectional design. Samples of immigrant children varied from 30 to 4414 subjects. 5, 6 We determined from the study description (where possible) whether it included first-or second-generation migrants. There was high variability of the age of subjects, examined traits and particularly the ethnicity and 'immigrant status' assessment (as described in the 'Note' column of table 1).
In Northern Europe, in the UK studies on 9-to 13-year-old boys and girls, black Africans and black Caribbeans became taller than white Europeans and other immigrants and had higher waist circumference. [6] [7] [8] Their fat mass index and weight-for-height index were similar to those of white Europeans while their sum of skinfolds index was markedly lower. South Asian children tended to be shorter and their BMI was lower despite higher adiposity levels (defined by specific adiposity markers), indicating that BMI can provide misleading comparisons in Asian ethnic groups.
In a female sample in Norway, sub-Saharan Africans had the highest BMI value while East Asian/Pacific girls had the lowest value. 9 Non-significant differences in age at menarche were observed among different ethnic groups. Nevertheless, SubSaharan African girls had the highest age at menarche and East Asian/Pacific girls the lowest. Pubertal timing had the same effect on mental distress in immigrant girls living in Norway and in native Norwegian girls. However, for the girls from the immigrant groups, the negative effect of past life events (war, hunger and insecurity, the stress of adapting to a new culture) might have contributed to mental distress. A study on menarcheal age in Ireland confirmed non-significant difference between sub-samples, even though the age at menarche tended to be lower in immigrant girls (from 53 nations) than in native Irish girls. 10 In Central Europe, pre-school children of migrants had higher weight, BMI and body fat and spent more time in resting activities than children of non-migrants examined in a Swiss study. 11 The effect of ethnic group on development was difficult to distinguish from the effects of nutritional and socio-economic circumstances, because the children of immigrants also showed an increase in unhealthy eating and media use habits. In Austria, significant differences among ethnic groups were observed in height, weight and BMI: girls from the former Yugoslavia were taller and heavier than girls from Austria and Turkey at all ages (6-15 years). 12 The growth of children with a Dutch and an immigrant background was examined between the ages of 0-3 years and new growth charts were created. 13 After 104 weeks, Turkish girls grew faster than Dutch girls while Surinamese girls grew slower. Differences in weight were observed at all ages, increasing after 40 weeks: Moroccan and Turkish children of both sexes were heavier than children in other groups and Surinamese boys were lighter. The differences in weight gain may have been caused by genetic, lifestyle and environmental determinants. Small differences were found in group comparisons for head circumference (data not reported in table 1, because they refer to different age groups). Growth references for length, height, weight-for-height, BMI and head circumference were constructed for Turkish children living in The Netherlands by means of the Lambda-Mu-Sigma (LMS) method, which provides a way of obtaining normalized growth centile standards: their heights were quite similar to those of children of high SES living in Istanbul.
14 Moreover, the onset of menarche occurred almost 5 months earlier in Turkish girls than in Dutch girls, in agreement with data collected in Istanbul (12.8 years, 12.4 high SES, 13.2 low SES). In general, puberty began later in Turkish immigrant boys than in native Dutch ones, although pubertal progression seemed faster.
Fredriks et al. 15 described the growth of children of Moroccan origin (of first and second generation) living in The Netherlands in terms of growth for height, weight, weight-for-height, BMI, head circumference for age, and they used the LMS method to construct reference curves. This study confirmed that Moroccan children are substantially shorter in comparison to Dutch children. Girls had higher weight-for-height and BMI for age. Age at menarche was lower in Moroccans than in Dutch girls and in girls living in Marrakesh (median age: 13.04 years). 16 Another recent study confirmed a significantly lower median age at menarche in girls of Turkish and Moroccan origin than in Dutch girls. 17 Menarche occurred at a significantly earlier age than in 1997 for all three ethnicities, indicating a continuing secular trend toward lower age at menarche. The decrease in age at menarche occurred at a higher pace in Moroccan and Turkish girls than in Dutch girls, with a probable relation to higher BMI and improved socioeconomic circumstances when compared with their country of origin. There was no significant difference in the educational level of the parents of the Turkish and Moroccan girls. Puberty began 0.9 years later in Moroccan boys than in Dutch ones, but they reached the last stage (G5) almost at the same age as the Dutch boys. 15 The difference in height compared with the Dutch reference increased with age, with a final height (20-year-old subjects) of 174.7 cm in Moroccan boys vs. 184.0 cm in Dutch boys and 161.3 cm in Moroccan girls vs. 170.6 cm in Dutch girls.
As in the study of Friedriks et al., 14 Turkish children born in Hamburg also grew differently when compared with natives, being heavier after 6 years of age than German natives and remaining shorter after puberty. 18 Thus new growth standards for Germanborn Turkish children were provided, like those previously proposed for Dutch-born Turkish children and adolescents.
14 A distinctly lower age at menarche (12.90 AE 1.21) was reported for Turkish girls living in Bremen with respect to native German girls (13.30 AE 1.19). 19 The results of studies on the growth and development of adopted girls show that the risk of developing precocious puberty increases with national or international adoption, suggesting a psychological influence. Age at menarche was significantly lower in girls with various origins (12.1 years) adopted by Danish families than in Danish-born girls (13.4 years), and the former were also 6-8 cm shorter in all age groups. 20 Weight was lower in the adopted girls in the 6-12 years age group and BMI was significantly higher in the 12-to 13-year age group. Sexual maturation in the adopted girls also occurred earlier than expected in comparison to data from the countries of origin. Nevertheless, a trend towards earlier puberty has been reported in some developing countries and we cannot know what the age at menarche of these girls would have been if they had remained in their countries of origin. Development did not seem to be influenced by immigration according to a Spanish study, 21 while precocious puberty was observed in foreign children moving from developing countries to Belgium irrespective of ethnic origin and context of adoption. In this case, possible environmental factors, such as exposure to the organochlorine pesticide dichlorodiphenyltrichloroethane (DDT), were pointed out. 22 In Southern Europe, an Italian longitudinal study 23 of the offspring of Chinese immigrants from birth to 2 years of age showed that the growth pattern was within the normal limits of Growth and health of immigrant children 
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European Journal of Public Health the NCHS reference standards, 24 with a higher growth rate (especially for length) than among children living in China. The velocity curves for length and weight of these Chinese-Italian infants were similar to those of Italian natives, suggesting that they grew adequately because of the paediatric and family care received by them and their mothers during pregnancy; in particular, the sanitary structures of Bologna improved the health of foreign women and their children. According to another Italian study on school children aged 8-9 years, there were slightly higher values of weight and significantly higher BMI values in children of Italian origin than in immigrants (not subdivided by ethnicity). 25 In a Spanish study on 13-14 year olds, East European boys were taller and heavier than native Spanish or immigrants from other countries. The East European girls were the tallest and North African ones the shortest, with the highest values of weight and BMI; the highest values of %Fat mass were observed in Moroccan and Latin-American girls. 26 Hassapidou et al. 5 found similar results for children aged 8-12 years in Greece: immigrants from neighbouring Balkan countries and ex-Soviet Union countries were significantly taller and had lower values of BMI, waist-to-hip ratio and %fat than native Greeks. Although the immigrant children had a higher energy intake than the Greeks, they also had a higher energy expenditure. Unlike in the previous study, the height of immigrant boys studied in north-eastern Attica (mean age 8.86 years) was significantly lower than in Greek children, while there was no significant difference in the girls (8.78 years old). 27 The immigrant boys and girls had significantly lower mean values of BMI than the native Greeks. The need of specific growth charts, at least for the Albanians, was underlined.
Psychosocial adaptation of immigrant children in Europe
Immigration is often accompanied by various stressors, including loss of home and country and social and economic problems. Both personal characteristics and contextual factors play a role in immigrant adaptation: personal factors include the developmental life stage and ethnicity of the individual, while contextual factors include the SES and the reception and support given to the immigrant family. 28 Because they come from a different linguistic environment, immigrant children may have difficulties at school, low self-esteem, behavioural disorders, depression, anorexia nervosa and somatic symptoms. 29 Moreover, it was recently underlined that pupils of African or Asian origin have a high risk of being bullied in Sweden. 30 It is extremely difficult for children to reconcile two different cultures, the native one and the culture of the host country, with a consequent high risk of an identity gap. The family and society of the host country differ in values, laws, traditions, religion and language. In addition, immigrant children more often have a socially disadvantaged family environment. SES and the family situation may help to explain the differences in problem behaviour between several groups of immigrant and native youth.
For example, Moroccan immigrant children showed relatively less problem behaviour at home than outside of home (e.g. school) when compared with native Dutch children. This may be associated with an authoritarian socialization inside the home but a lack of supervision outside the home. 31 Moroccan immigrant youth in The Netherlands scored lower than native Dutch children in misconduct when they were small (4-11 years) but scored higher when growing up (12-18 years) . 32 The gender differences in the Moroccan immigrant and native Dutch samples indicate causal factors that transcend ethnic differences, such as biological or genetic predispositions, or widespread value judgments and stereotypes regarding gender roles. Verkuyten 33 attributed these differences to gender roles: the position of women in Islamic cultures differs in many respects from what is typically expected in western Europe and family integrity is a male responsibility in Islamic cultures. The relationship between acculturation and problem behaviour can also be partly explained by the high level of conflict between parents and their ambivalently acculturated daughters due to attachment to both the Moroccan and Dutch cultures. The frequent conflicts between parents and children lead to greater dissatisfaction and this is the major predictor of behavioural problems. 34 Moroccan children generally showed a greater preference for the host cultural practices than their parents. 33 In a study on 395 second-generation adolescents (mean age 15.5 years) born in France and their parents from five ethnic groups (Algerians, Antilleans, Moroccans, Portuguese and Vietnamese), Sabatier 35 analyzed social environment (school composition and friends), perception of discrimination and parent-adolescent relationship in reference to the process of shaping cultural identity: family relationships had a greater influence than other variables, and this was the main predictor of cultural identity. An analysis of the pattern of all the familial predictors of cultural identity revealed the differential role of each parent and the dynamic nature of the influence. From the adolescents' point of view, communication with fathers had special importance; disagreement was a key factor for orientation towards the host society and a good incentive for development and adaptation. The contribution of each parent to enculturation either towards the ethnic group or towards French society was different: generally fathers contributed only in a pragmatic sense to French enculturation, whereas mothers offered ethnic stimulation through their conversation on cultural topics. This complementary role of parents providing adolescents with multiple perspectives was a valuable source of socio-cognitive development. These findings suggest that school, peer and proximal family factors are essential in models predicting the development of internalizing and externalizing problems in children and adolescents.
Health of immigrant children in Europe
A nationwide study of 2,192,843 singleton births between 1982 and 2008, of which 4.9% were pre-term and 0.8% were very pre-term births, revealed an increased risk of pre-term birth for mothers from Austria, Yugoslavia, Romania, Central Europe and Asia. 36 An increased risk of very pre-term birth was observed for mothers from Eastern Europe, Central Europe, Africa and Asia. The high immigrant risk of pre-term births disappeared, however, in the second-generation female immigrants.
Immigrant children have a higher risk of developing tuberculosis in early childhood. For example, a study of all cases of tuberculosis among children (age < 16 years) in Oslo from 1998 to 2009 found that all 24 children diagnosed with tuberculosis were of nonWestern origin; tuberculosis was most common among children of Somali origin. 37 Caries is another health problem in early childhood. For example, a study from Umeå, a city in Northern Sweden, found that immigrant children aged 4 years had a higher caries prevalence than non-immigrant children because of a lower tooth-brushing frequency, and that only 50% of immigrant children parents attended preventive dental care, when compared with 81% of the non-immigrant parents. 38 Studies show a higher prevalence of poor mental health among immigrant children who have settled in Scandinavian countries. For example, a history of state-organized violence was a strong contributor to poor mental health in refugee children who had migrated to Sweden and Denmark from Chile, the Middle East and Bosnia. [39] [40] [41] In contrast, self-reported mental health was better among secondgeneration Vietnamese immigrants in Norway than in nonimmigrant children.
Discussion
Migration within Europe is a continuing large-scale social phenomenon affecting the growth and health of immigrants. Ethnicity can have a profound impact on growth and development Growth and health of immigrant childrenof children. As Eveleth and Tanner 42 reported 'A child's growth rate reflects, better than any other single index, his state of health and nutrition; and often indeed his psychological situation also'. The literature results suggest a different picture in Europe regarding growth and development in immigrant children when compared with non-immigrant children, but the pattern varies by ethnicity. According to studies carried out in Northern and Central Europe immigrant children from Turkey and North Africa are shorter, heavier and mature earlier than European natives. Interpretation of the growth and development trend is complicated owing to differences in study design, age groups and ethnic group composition. Children's growth can be affected by many factors, including the drastic changes in physical, cultural and social environment after migration. However, it should be noted that populations are different in height, weight, other anthropometric traits, shape and time of maturation according to the biological heredity of each population. The differences between Moroccan immigrants and native populations of Northern and Central Europe 9,15,16 depend mainly on the different anthropological characteristics of these populations, as occurs for example, in comparisons between Mediterranean, Berber or Arab types from North Africa and Nordic or east Baltic types from Northern and Central Europe. Likewise the apparently discordant results obtained in some Southern European countries (Greece and Spain), 5, 26 with taller and heavier immigrant children when compared with the natives, can be anthropologically interpreted according to the different population types: the Dinaric types from the former Yugoslavia are characterized by very different anthropological traits and greater sizes than the Mediterranean types prevalent among the local populations.
In general, girls of African descent living in industrialized countries show the lowest median age at menarche. 17 Because early menarche is associated with psychosocial and health problems (i.e. higher risk of depression, metabolic syndrome, etc.) the public health implications must be adequately considered.
Only cross-comparisons with people living in the countries of origin of the immigrants and with the same SES could really help to understand and interpret these complex results. Significant differences in ages at menarche are also present in European populations, with lower ages in France and Mediterranean countries than in other nations owing to ethnic/ genetic and environmental factors. 3 Turks mature early both in Turkey and particularly in Northern Europe with respect to the European natives. 14, 17, 18 In addition to a peculiar genetic basis, their earlier onset of puberty and consequent acceleration of growth (excluding the pathological cases resulting from international adoption) can be interpreted as a positive response to improved environmental conditions.
The health of immigrant children greatly depends on the adaptation of their parents to the host country and to the support given to the family by the community. Children growing up in immigrant families may often be at risk, especially if they live in low-income, disadvantaged communities with a high prevalence of poor lifestyle habits, with possible effects on their growth and health. 43, 44 Low socio-economic position and minority status are frequently associated with higher morbidity and mortality. 12 However, when the environment is appropriate, these children may achieve their growth potential, as reported for Chinese infants born in Italy. 23 Knowledge of the cultural conditions and lifestyle of different ethnic groups by school educators and medical personnel can play a fundamental role in the process of immigrant integration and in health control and prevention.
This review has led to the following recommendations for improving the health, growth and adaptation of immigrant children in Europe: (i) begin health prevention early in life by means of regular primary care visits; (ii) monitor children of immigrants using separate growth reference charts; (iii) develop greater physician awareness of the importance of behavioural, socio-cultural and environmental determinants of health; (iv) promote information among immigrants on a healthy lifestyle and health care organization and accessibility.
